Considering the large consumption of Afrostyrax Lepidophyllus seeds, chemical analyses is necessary to ascertain its use as food spice and also its medicinal potential. Inductively coupled plasma mass spectrometry and gas chromatography mass spectrometry were used to evaluate the mineral and volatile contents respectively while column chromatography enabled the isolation of some compounds. Seventeen compounds were identified by gas chromatography mass spectrometry. Amongst detected sulphur containing compounds, methylsulfinyl(methylthio) methane was in highest amount with percentage composition of 12.25%. Fatty acids and their methyl esters were most abundant constituents notably n-hexadecanoic acid (28.86%) and methyl (E)-9-octadecenoate (21.85%). Some important unsaturated fatty acids notably linoleic acid and oleic acid were identified. Major elements detected in the sample were sodium (42,137.57 ppb), magnesium (456.90 ppb), phosphorus (1703.31 ppb), potassium (4948.88 ppb) and calcium (88.37 ppb. Trace elements detected in the sample are Cr (0.81 ppb), Mn (5.66 ppb), Fe (107.08 ppb), Co (0.14 ppb), Ni (6.77 ppb), Cu (50.05 ppb), Zn (32.06 ppb) and B (6.65 ppb). Other detected elements involved Al (42.25 ppb) and Pb (2.63 ppb) while Cd and Hg were below detectable limits. Five compounds were isolated and identified from their NMR spectral data as tripalmitin (AL23), n-hexadecanoic acid (AL40-45), ursolic acid (AL65), stigmasterol glycoside (AL192) and saccharose (AS329). Ursolic acid showed moderate ROS inhibition with IC 50 = 18.5 ± 3.1 µg/mL compared to 11.2 ± 1.9 µg/mL for ibuprofen. NO inhibition and cytotoxicity on NIH-3T3 cell lines were low for tested compounds. This study fills knowledge gap on chemical analyses of A. lepidophyllus.
Introduction
Afrostyrax lepidophyllus is known locally under the names 'bush onion', 'kontry onion', 'shirum', 'Mruu' and is a very popular spice in Central Africa and West Africa. It has ethnopharmacological significance in some tribes in Cameroon and it is used in significant traditional dishes ('Nkui', 'ekwang', 'touh-koon'). This plant has a very strong onion-like or garlic smell and is believed to annihilate cancer and repulsive to poisonous animals like snakes and scorpions. It belongs to the Huaceae family and grows in the forests areas in the Republic of Congo, Nigeria, Ghana, Central African Republic and Cameroon [1, 2] . The barks of this plant are used in food sauces, condiments, spices and flavorings. Medicinally it is used in treating venereal diseases, febrifuges, cough, worms, constipation, hernia, gastro-enteric diseases, convulsions, laxative, mouthwash and snake bites [1, 3] . This plant has been shown to possess antioxidant activity, estrogenic properties, insecticidal and toxic effects on some insects [4] [5] [6] . It is certain that some organic chemicals and mineral elements are responsible for the medicinal properties of this plant. In most cases, biological activities of a plant can be attributed to the presence of one or more major compounds and volatile components of the extracts which appears to possess greater activity justified by the presence of diverse type of compounds which can show additional or synergistic effects. The volatile components can be characterized by gas chromatography coupled to mass spectrometry [7] . Gas chromatography mass spectrometry (GC-MS) analysis of seed oils as well as tree barks of this plant showed the presence of sulfur containing compounds mainly thio-ethers with 2,4,5,7-tetrathiaoctane as major component, monoterpene hydrocarbons and phenylpropanoids amongst others [3, 8] . Afroastyrax lepidophyllus has also been shown to contain polyphenols, flavonoids, tannins, glycosides, saponins, steroids, aromatic substances, alkaloids, afrostyraxides and anthocyanins [1, 2, 9] . The organic constituents are regarded to be responsible for the medicinal properties of most plants while few works attempt to study the medicinal activities of their inorganic constituents. Nutritionally, minerals are organic solid substances that occur naturally in the biosphere (including all foods) in tissues of living organisms and are mostly responsible for the regulation of metabolic pathways and other physiological activities [10] . Because some mineral elements can become toxic when they are taken in amounts that significantly exceed the body requirements, a careful analysis of the mineral contents of these products is necessary to check amounts and potentially toxic elements such as Hg and Pb [10] . Based on this information, it is expected that sufficient scientific data reporting the organic and mineral content of Afrostyrax lepidophyllus be available so as to validate its use in the management of nutritional and health issues. Inductively Coupled Plasma Mass Spectrometry (ICP-MS) is applicable in the analysis of complex plant material such as seeds and is a good method for the analysis of food items which are meant for consumption since it requires small amounts of sample. ICP-MS is rapid method and has low detection limits making it suitable for the analysis of elements that occur in traces in the environment. The purpose of this work is to determine the mineral and volatile composition of Afrostyrax lepidophyllus seeds using ICP-MS and GC-MS analyses respectively and to evaluate the anti-inflammatory potential.
Experimental

Plant Material and Extraction
The seeds of Afrostyrax lepidophyllus were purchased from the Bamenda food market. A voucher specimen of this famous spicy plant was identified and deposited in the National Herbarium of Cameroon under specimen number (39020/HNC) by Mr. T. Fulbert, a botanist working at the National Herbarium. 1 kg of the seeds were ground and extracted by maceration with 10 L of methanol and DCM (Dichloromethane) mixture 1:1. The powdered seeds were mixed with the solvent mixture at room temperature and allowed to stand for 48 h with intermittent stirring. After this, the mixture was filtered using a Whatman number 1 filter paper and later concentrated on a Rotary evaporator. This process was repeated three times to yield 435 g of crude extract.
GC-MS Analysis
The profile of the extract was firstly performed using Gas Chromatography-Flame Ionization Detection (GC-FID) on a Shimadzu GC-17 A (Shimadzu Corp., Kyoto, Japan) equipped with a SPB-5VR capillary column (30 m, 0.25 mm id). The carrier gas used was helium at a flow rate of 1 mL/ min. The oven was kept initially at 60 °C for 3 min, then raised to 180 °C at a rate of 5 °C/min and later to 300 °C at a rate of 7 °C/min. The split ratio of sample injection was 1:10. Information from the GC-FID profile was then used to run the GC-MS proper which was done on a Hewlett-Packard 5890 (Bunker Lake Blvd, Ramsey, MN) gas chromatograph coupled to JEOL MS-600H mass spectrometer and equipped with ZB-5MSVR capillary column (30 m, 0.25 mm ID and 0.25 lm df). the analysis was done under the same conditions as for GC-FID. EI ion source was kept at 250 °C and 70 eV. For the identification of compounds, electronic mass spectral search on NIST library and by comparison with EIMS (Electronic Impact Mass Spectrometry) data reported in literature. Area normalization method for each peak was used to quantify constituents.
ICP-MS Analysis
The mineral composition of the spice Afrostyrax Lepidophyllus was determined using inductively coupled plasma mass spectrometry (ICP-MS). Before the mineral elements were analyzed, 300 mg of the samples were digested or mineralized inside a microwave apparatus (Anton PAAR, Multi wave ECO) at 120 °C. The sample was then sent into a high-pressure capsule and 5 mL of HNO 3 added unto it and 1000 W power applied for 5 min. The sample was then cold and an additional 5 mL of HNO 3 together with 1 mL of 30% hydrogen peroxide (H 2 O 2 ) added to it while a power of 1000 W was applied for 10 min. The sample was allowed to cool down to room temperature and the volume made up to 100 mL by adding distilled water. The sample was stored at 4 °C pending analysis. The ICP-MS proper of the mineral content was carried out on Quadrupole ICP-MS (7700 X, Agilent, Singapore). A standard solution of multielement was used in preparing calibration solution. Five concentrations (0-50 ppb) of the standard solution were used in drawing the calibration curve and a 2% HNO 3 solution was used as blank. The sample was injected in liquid form into the ICP-MS nebulizer and spray unit maintained at 2 °C. The sample was then sent into the plasma chamber made up of different heating zones (6000-8000 K) where it was dried sample, vaporized, atomized and ionized. This transformation of the sample from liquid to excited atoms and ions enabled the analysis (Quadrupole) and detection (Electron multiplier) of the constituent mineral elements. The experiments were done in triplicate alongside with blanks to check and limit errors and contamination.
Isolation of Compounds
30 g of this extract were prepared on silica gel to give slurry and further subjected to column chromatography on silica gel 60 (0.063-0.200 mm, Merck) using a gradient system of hexane-ethyl acetate (0-100%) then ethyl acetate-MeOH (0-100%). The polarity of the eluent was increased by regular increments of 2.5% of the more polar solvent and equal volumes of 100 mL were collected from the column and evaporated in-vacuo using a rotary evaporator. This procedure gave a total of 468 fractions collected and labeled AL1-AL468. The fractions AL23, AL31, AL40-45, AL65, AL119, AL192, and AL329 afforded solids on standing which were respectively filtered on Whatman number1 filter papers and washed with appropriate solvents as follows: AL23, AL31 and AL40-45 were washed with ethyl acetate, AL65 and AL119 were washed with hexane while AL192 was washed with DCM. AL329 was washed with ethyl acetate and DCM. After this thorough washing process, TLC (Thin Layer Chromatography) was performed using TLC cards pre-coated with silica gel (Merck, PF254, 20 × 20 cm, 0.25 mm) and revealed under UV lamp (UVITEC 07-22243) at 254 nm and 365 nm and also with ceric(IV)sulphate solution spray, on the solids collected and the following pure compounds were afforded AL 23 (43 mg), AL 40-45 (72 mg), AL 65 (8 mg), AL 192 (13 mg) and AL 329 (106 mg). The structures of the compounds were deduced from their 1D and 2D NMR (Bruker Avance-500), EI-MS (JEOL MSRoute-600H) and high-resolution electronic mass spectrometry, HREIMS (Thermo Finnigan MAT 95XP) experiments and by comparison with some data previously reported.
Oxidative Burst Assay
Luminol-enhanced chemiluminescence assay was performed on diluted human whole blood with three different concentrations of compounds (1, 10 and 100 µg/mL) as described elsewhere [11] 
Nitric Oxide Assay
The nitric oxide assay was performed on mouse macrophage cell line J774.2 (European Collection of Cell Cultures, UK) using three different concentrations of compounds (1, 10 and 100 µg/mL) and by a method previously described [13] . The mouse macrophage cell line J774.2 (European Collection of Cell Cultures, UK) was cultured in 75 cc flasks IWAKI (Asahi Techno Glass, Japan) in DMEM Sigma-Aldrich (Steinheim, Germany) supplemented with 10% fetal bovine serum GIBCO (N.Y U.S) 1% streptomycin/penicillin. Flasks were kept at 37 °C in atmosphere of humidified air containing 5% CO 2 , cells were seeded in 96-well plate (106 cells/mL) and were induced by 30 µg/mL E. coli lipopolysaccharide (LPS) (DIFCO Laboratories Michigan, USA). The test compounds were added at three different concentration (1, 10 and 100 µg/mL) and plate was incubated at 37 °C in 5% CO 2 . Nitrite accumulation in culture supernatant was measured using the griess reagent [14] . 1 3
MTT Cytotoxicity Assay
Cytotoxicity of compounds on NIH-3T3 fibroblast cells (ATCC, Manassas, USA) was evaluated by using the standard MTT colorimetric assay. Using three different concentrations of test compound (1, 10 and 100 µg/mL as described elsewhere [12] . Cytotoxicity of compounds on NIH-3T3 fibroblast cells (ATCC, Manassas, USA) was evaluated by using the standard MTT colorimetric assay. Briefly 100 μL of 6 × 104 cells/mL in DMEM supplemented with 10% FBS were plated into 96-wells flat bottom plate and incubated overnight at 37 °C in 5% CO 2 . Three different concentrations of test compound (1, 10 and 100 µg/mL) were added to the plate in triplicates and incubated for 48 h. 50 µL of 0.5 mg/ mL MTT was added to each well and plate was then further incubated for 4 h. MTT was aspirated and 100 µL of DMSO was then added to each well. The extent of MTT reduction to formazan within cells was calculated by measuring the absorbance at 540 nm, using spectrophotometer (Spectra Max plus, Molecular Devices, CA, USA). The cytotoxic activity was recorded as concentration causing 50% growth inhibition (IC50) for 3T3 cells.
Results and Discussion
GC-MS Profile
The GC-MS profile of the tested sample is given below (Fig. 1 ). From our results, 17 compounds shown in Table 1 have been characterized by GC-MS from the seeds DCM-MeOH 1:1 extract out of which only three are Sulphur containing compounds, 2,2′-thiobis-ethanethiol (0.64%), Methylsulfinyl(methylthio) methane (12.25%) and methyl(methylthio)methyl disulfide (0.82%). Mostly fatty acids and their methyl esters were found to be major constituents of our extracts with n-Hexadecanoic acid being the most abundant fatty acid (28.86%) and Methyl (E)-9-octadecenoate being the most abundant methyl ester (21.85%). An alkaloid 4-imidazoleacrylic acid and some important unsaturated fatty acids notably linoleic acid and oleic acid were identified together with two sterols, stigmasterol and lanosterol though in small amounts.
Using solid phase microextraction and a two-dimensional gas chromatography time of flight mass spectrometry (GC × GC-TOF-MS) system, flavor volatiles of Afrostyrax lepidophyllus was shown to contain mainly terpenes and terpernoids [15] . This difference with our results could be due to conservation methods and methods of extraction. However, a fatty ester had the highest percentage of 19% and was considered to confer a sweet flavor. This corroborates with our findings since we detected fatty acid and their esters as major constituents. Sulfur containing compounds have been detected in this plant and thioglycosides also known as Afrostyraxthiosides were isolated from this plant [9] .
ICP-MS
Some mineral elements were detected in the seed extract by ICP-MS and reported on Table 2 . These minerals elements can be divided into three groups based on human body requirements. Essential elements which are major elements and trace elements and non-essential (ultra-trace) elements. Mineral contents are useful in phytomedicines because they possess nutritional and toxicological properties. The major importance of foods that are rich in minerals is to provide the body with essential nutrients in a balanced and bioavailable form. Unfortunately, the mineral amounts in plants at times are too small to meet the human systems requirements or they may occur in forms are not readily utilized by human beings. Also, an overdose or prolonged intake of food samples that are rich in minerals can cause accumulation of some elements required only in trace amounts leading to some health problems [16] . Hence analyzing the mineral content of food materials by inductively coupled plasma mass spectrometry (ICP-MS) is very crucial. ICP-MS has the advantage that it can analyze a series of minerals, providing a holistic means of analyzing multiple elements at the same time with high throughput using several scans for robust and fast data collection with precision and quantification [17] . Though with variable detection limits, ICP-MS can measure hetero-elements and metals with very high reliability at very low concentrations as small as in units of ppm or ppt as is the case for certain elements [18] . The elements detected in the seeds of Afrostyrax lepidophyllus by ICP-MS are reported in Table 2 .
Essential major elements detected in the sample were sodium (42,137.57 ppb), magnesium (456.90 ppb), phosphorus (1703.31 ppb), potassium (4948.88 ppb) and calcium (88.37 ppb). An essential element is an element that if absent or removed from the diet or intake can cause a consistent and reproducible misfunctioning of a physiological process in an organism [19] . Bone development in human beings are requires Ca and if taken in sufficient amount can prevent fractures and bone malformations [20, 21] . In the same way, K and Na are required for nerve impulses and ion transport through membranes of tissues; P and Mg are required by the cells for the production of ATP [21, 22] . On the contrary, excessive intakes of these minerals can result in toxicity though most minerals have a fairly wide range of adequate intake making deficiency or toxicity relatively rare if proper diets are taken. This wide range of safe consumption is ensured since higher organisms are capable of handling both low and high intakes of minerals through homeostasis and other mechanisms. Mineral intake would have to be vigilantly monitored to prevent deficiency or toxicity if mechanisms such as homeostasis were not available. From these amounts, the major elements are abundantly available in the descending order Na, K, P, Mg and Ca as shown on Fig. 2 . These major elements are required to be in concentrations greater than 50 mg/d in the body, while trace elements such as Mn, Cr, Mo, Co, Fe, I, F, Zn, Se, Ni and Cu should be lower than 50 mg/d in the human body. Trace elements detected in the sample are Cr (0.81 ppb), Mn (5.66 ppb), Fe (107.08 ppb), Co (0.14 ppb), Ni (6.77 ppb), Cu (50.05 ppb), Zn (32.06 ppb) and B (6.65 ppb) and are shown on Fig. 3 . The occurrence of Zn is not common though it is an integral part of some enzymes such as DNA polymerase thereby making Zn deficiency to lead to poor growth and delay in the development of sexual organs [23] . Plants need B in seed production and humans for development of the central nervous system and of bones [21, 24] . Cu is necessary in the reduction of oxidative stress [25] . Fe is not absorbed easily because in most soils it occurs in an oxidized form making it not easily taken up by plants and subsequently less available to animals and Fe deficiency can lead to anemia [21, 26] .
The amount of intake from diets required of trace elements is usually below 1 μg/g and in most cases, is present below 50 ng/g dry weight of the food [10] . Trace elements are necessary for healthy living, especially if the elements are obtained from living organisms. However, if they are obtained from an inorganic substance or metal source, their specific gravity will be greater than that of water, reason for which they can become toxic [27] . Other elements detected involved Al (42.25 ppb) and Pb (2.63 ppb) while Cd and Hg were below detectable limits and hence, A. lepidophyllus can be considered free from toxic Hg (see Fig. 4 ). The origin of contamination by heavy metals can be rainfall, atmospheric dust, industrialization, and use of fertilizers and pesticides [28] . However, Pb was present and scientific literature indicates that, due to the ability of heavy metals to accumulate in living systems, they can be toxic even at low concentrations [29] . Living systems can accumulate nonessential elements from their environment. The presence of Pb in the seeds of A. lepidophyllus could be due to its exposure to the combustion products of Pb fuel additive such as tetraethyl lead.
Elements can get into and contaminate foods during harvest or when they are being processed and stored. Some are food additives which are intentionally added to foods to improve the quality. Mineral elements are therefore present in relatively small amounts in foods. Their roles are important in living systems despite their amounts in foods. Plants need to take up minerals and water from the soil in order to grow. When these minerals enter the roots, they are transported to other parts of the plant. Thus, the fertility of the soil, the environment in which the plant grows and the specie of plant determines the mineral composition of its edible parts. It is not surprising therefore that the mineral content can be different even for plants of the same species. The nutritional value of crops can be enhanced through agronomic practices such as grafting and plant breeding but the transport of mineral elements from the soil to plants and finally animals is a complex process. Plants also have their own physiological means for regulating amounts of mineral uptake from the soil. Therefore, any attempts to improve the mineral content of food crops, one should be ready to meet with complicated results and compared to expected ones.
Isolated Compounds
Column chromatography on silica gel led to the isolation of some compounds whose structures were deduced from their 1D and 2D NMR and mass spectrometric data and by comparison with some reported information. The structures of the isolated compounds were identified as tripalmitin (AL23), n-hexadecanoic acid (AL40-45), ursolic acid (AL65), stigmasterol glycoside (AL192) and saccharose (AS329) whose structures are given in Fig. 5 .
The 1 H and 13 C NMR data of the compounds are given below.
NMR Data of Isolated Compounds
Tripalmitin (AL23): 1 
ROS and NO Inhibition and Cytotoxicity on NIH-3T3 Cells
ROS and NO inhibition as well as cytotoxicity on NIH-3T3 cell lines were evaluated and reported in Table 3 . The compound AL65 showed ROS inhibition with an IC 50 value of 18.5 ± 3.1 µg/mL and cytotoxicity of IC 50 33.6 ± 5 µg/ mL on NIH-3T3 cells. While compounds AL40-45, AL23 and AL329 showed no ROS inhibition in tested concentrations, compound AL23 showed a cytotoxicity of IC 50 20.75 ± 2.8 µg/mL on NIH-3T3 cells.
The ROS and NO inhibition as well as cytotoxicity on 3T3 cells of compounds AL23, AL 40-45, AL65 and AL329 were evaluated and reported in Table 3 . Only compound AL65, ursolic acid showed moderate ROS inhibition with IC 50 of 18.5 ± 3.1 µg/mL compared to 11.2 ± 1.9 µg/mL for ibuprofen, a standard drug. None of the tested samples showed appreciable NO inhibition as their IC 50 values were all above 100 µg/mL as compared to 24.2 ± 0.8 µg/mL for the standard compound L-NMMA. Cytotoxicity of tested compounds were low with IC 50 values of 33.6 ± 5.0 µg/mL and 20.75 ± 2.8 µg/mL for AL23 and AL65 respectively while AL40-45 and AL 329 had cytotoxicity IC 50 values above 100 µg/mL. Oxidative burst assay which is used in this study represents a process which occurs during phagocytosis when immune cells generate reactive oxygen species (ROS) in response to soluble agonists thereby playing a vital role in the host defense mechanism against intruders [11] . However, in chronic inflammation, the overexpressed ROS causes damage to surrounding tissues and is associated with various inflammatory diseases. Therefore, the inhibitors of ROS and NO generation can be potential anti-inflammatory agents since these ROS and RNS are amongst the primary mediators of inflammation [13] . Although none of the compounds showed NO inhibition in the tested concentrations, ursolic acid exhibited moderate anti-inflammatory potential and triterpenes have been shown to possess this activity [11] .
Conclusion
Little studies exist on chemical composition of Afrostyrax lepidophyllus, a popular spice commonly called 'country onion' in West African pidgin. This is a native tree of the rain forests of West and Central Africa. The seeds as well as the barks of this plant are found on sale in most African markets and are used as food species in many traditional African recipes. It also finds ethnomedical application as a remedy for some illnesses. Reporting the mineral elements that occur in food samples especially those of medicinal values is therefore very important for proper understanding their nutritive as well as their medicinal values. Our results show that this important cash crop and food spice of central and west Africa A lepidophyllus is a good source of many essential nutrients like Na, Ca, Cu, Fe, K, Mg, Mn, P, Cr, Mn, Co, B and Zn. In addition, tripalmitin, n-hexadecanoic acid, ursolic acid, stigmasterol glycoside and saccharose were isolated and ursolic acid was shown to have appreciable ROS inhibition activity.
